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ABSTRACT 

The behaviour of t he  ionosphere up t o  200 km was observed i n  a s e r i e s  

of rocke t  f l i g h t s  a t  Fo r t  Churchi l l ,  Manitoba, dur ing  the  s o l a r  e c l i p s e  

of 20 J u l y  1963. S i x  Nike-Apache rocke t s  were instrumented t o  measure 

e l e c t r o n  d e n s i t y ,  e l e c t r o n  temperature)  Lyman-ci r a d i a t i o n  and a band of 

X-rays (44 - 60 A ) .  The e l e c t r o n  dens i ty  i n  the  E r eg ion  (90 - 160 km) 

was reduced during t h e  e c l i p s e  without  any s i g n i f i c a n t  change i n  the  

shape of the  p r o f i l e .  The rocket  d a t a  show a time l a g  between the  mini- 

mum a r e a  of the  v i s i b l e  s o l a r  d i s c  and the  minimum e l e c t r o n  dens i ty  of 

much l e s s  than 3 minutes.  Comparison wi th  ionosonde d a t a  i n d i c a t e s  a 

- 7  3 -1 minimum value  of 1 x 10 cm sec f o r  t he  e f f e c t i v e  recombination coef- 

f i c i e n t  of t he  E l aye r .  The rocke t  observa t ions  a l s o  i n d i c a t e  t h a t  t he  

i o n i z i n g  r a d i a t i o n  causing the  E l a y e r  i s  reduced dur ing  the  e c l i p s e  i n  

p ropor t ion  t o  the  i n t e n s i t y  of the measured band of X-rays. The v a r i a -  

t i o n  of e l e c t r o n  temperature  i n  the  E r eg ion  due t o  the  e c l i p s e  i s  found 

t o  be small .  The e l e c t r o n  dens i ty  i n  the  D r eg ion  (50 - 90 km) shows 

a more complex v a r i a t i o n .  Between 79 and 89 km a t i m e  l ag  of about 

3 minutes i s  i n d i c a t e d )  b u t  a t  lower h e i g h t s ,  a s  a t  g r e a t e r  he igh t s ,  t he  

t h e  1-0 - -0 is zcch s-,a??er. &lix 32  kiii the e f fec t  ui i'ne e c i i p s e  on e i ec -  

t r o n  dens i ty  i s  much more pronounced t h a t  a t  g r e a t e r  he igh t s  f o r  t h e  ob- 

s e r v a t i o n s  taken wi th  8% and 15% of the  d i s c  v i s i b l e ,  bu t  no t  f o r  t he  

obse rva t ion  taken wi th  60% of the d i s c  v i s i b l e .  
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SECTION 1 

INTRODUCTION 

L 

L 

The behaviour of t h e  ionosphere up t o  200 km was observed i n  a 

series of rocke t  f l i g h t s  during the s o l a r  e c l i p s e  of 20 J u l y  1963. The 

pa th  of t o t a l i t y  passed w i t h i n  300 km of t h e  rocke t  launch s i t e  a t  F o r t  

Church i l l ,  Manitoba. Figure 1 shows the  r e l a t i o n  of t h e  s o l a r  e c l i p s e  

t o  the  rocke t  t r a j e c t o r y  a t  2106 UT which was the  t i m e  of minimum a r e a  

of the  d i s c  a s  seen from the  rocke t  launch s i t e .  The minimum v i s i b l e  

a r e a  of t he  d i s c  w a s  6 percent  a t  t he  ground and 12  pe rcen t  a t  t he  peak 

of t h e  t r a j e c t o r y .  

The v a r i a t i o n  of t h e  v i s i b l e  a r e a  of t he  d i s c  during the  e c l i p s e  

i s  shown i n  Figure 2,  which a l s o  i n d i c a t e s  t he  launch t i m e s  of the  s i x  

Nike-Apache rocke t s .  The f i r s t  two v e h i c l e s  were complete f a i l u r e s ,  

exploding about 3 seconds a f t e r  launch, b u t  t he  remaining four  v e h i c l e s  

performed p e r f e c t l y ,  a t t a i n i n g  a l t i t u d e s  between 196 and 200 km, and 

g iv ing  d a t a  dur ing  the  l a s t  ha l f  of t he  e c l i p s e .  These observa t ions  

and t h e i r  i n t e r p r e t a t i o n  are the sub jec t  or this paper .  

1 
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SECTION 2 

INSTRUMENTATION 

The payloads,  i d e n t i c a l  w i t h  each o ther  except  f o r  s u i t a b l e  ad jus t -  

ments i n  s e n s i t i v i t y ,  were instrumented t o  measure e l e c t r o n  dens i ty  and 

e l e c t r o n  temperature and two bands of s o l a r  r a d i a t i o n .  The nose t i p  

of t he  r o c k e t ,  seen i n  Figure 3 ,  i s  i n s u l a t e d  from the  body of t he  rocke t  

and i t s  p o t e n t i a l  i s  swept from -2 .7  v o l t  t o  +2.7 v o l t .  The v a r i a t i o n  

of c u r r e n t  wi th  vo l t age  i s  then analysed i n  the  manner of the Langmuir 

probe technique t o  ob ta in  e l ec t ron  temperature.  The sweep which has  

a du ra t ion  of 0.5 second i s  programmed onto the  probe a t  i n t e r v a l s  of 

2 seconds. Between sweeps t h e  e l ec t rode  i s  held a t  a cons tan t  p o t e n t i a l  

of +2.7 v o l t  (with r e s p e c t  t o  the body of the  r o c k e t ) .  

i s  found t o  be p ropor t iona l  t o  e l e c t r o n  dens i ty  over wide ranges of he igh t  

and e l e c t r o n  dens i ty .  

85 km i s  wi thout  t h e o r e t i c a l  b a s i h t h e  technique does appear t o  g ive  

reasonable  va lues  of e l e c t r o n  dens i ty  a s  low a s  55 km. The p a r t i c u l s r  

velve o f  t h e  f ixed  vo l t age  method of measurement i s  t h a t  i t  permi ts  ob- 

s e r v a t i o n s  of the  f i n e  s t r u c t u r e  of t he  e l e c t r o n  dens i ty  p r o f i l e .  

The probe c u r r e n t  

Although i t s  use i n  the  D reg ion  below about 

The Geiger counter  used t o  measure the band of X-rays between 44 

and 60 A can be seen i n  Figure 3 and below i t  an ion  chamber having a 

4 
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Figure . One of the six Nike-Apache payloads. 
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range from 1050 t o  1240 A. I n  t h i s  range the  major p a r t  of t h e  r a d i a t i o n  

i s  Lyman-a! (1216 A). Both these  d e t e c t o r s  a r e  or ien ted  a t  60 t o  the  

forward d i r e c t i o n ;  an a d d i t i o n a l  Lyman-a ion  chamber on the oppos i te  

s i d e  i s  o r i en ted  a t  90 t o  the forward d i r e c t i o n .  These d e t e c t o r s  and 

two s o l a r  aspec t  sensors  a r e  pro tec ted  by doors i n  the  launch phase.  

0 

0 

The t r a j e c t o r y  of the rocket  was obtained without  r a d a r ;  t he  ver-  

t i c a l  component was der ived by a t ime-o f - f l i gh t  method using a baroswitch 

t o  e s t a b l i s h  a r e fe rence  a l t i t u d e  whi le  t he  ho r i zon ta l  component was ob- 

ta ined  from sound ranging of the impact. An accuracy of b e t t e r  than 

1 km i n  he ight  i s  obtained i n  t h i s  way. 

The ionosonde station at Fort Churchill took observations at one 

minute i n t e r v a l s  f o r  a four  hour per iod  about the  e c l i p s e .  

6 



SECTION 3 

OBSERVATIONS 

The measurements of probe cu r ren t  show t h a t  t he  shape of t he  

e l e c t r o n  dens i ty  p r o f i l e  i s  maintained wi thout  sys temat ic  change i n  

t h e  E reg ion  (90 - 160 km) and i n t o  the  F1 r eg ion  up t o  a he ight  of a t  

l e a s t  195 km. Some dev ia t ions  are  observed b u t  t hese  a r e  be l ieved  t o  

be i r r e g u l a r  v a r i a t i o n s  of the  e l e c t r o n  dens i ty .  F igure  4 shows the  

p r o f i l e s  below 120 km normalized t o  u n i t y  a t  105 km. B e l o w  90 km i n  

t h e  D reg ion  t h e  four  curves  do not  co inc ide  and a more complicated 

v a r i a t i o n  i s  ind ica t ed .  

The r e l a x a t i o n  t i m e  or  "sluggishness" of the  E l a y e r  i s  a very  

important  q u a n t i t y  s i n c e  i t  i s  u s e d  t o  determine the  e f f e c t i v e  recom- 

b i n a t i o n  c o e f f i c i e n t  a. The rocket  d a t a  shows t h a t  t h i s  time must be 

l e s s  than t h r e e  minutes,and the ionosonde obse rva t ions ,  Figure 5 ,  w i th  

i t s  b e t t e r  t i m e  r e so lu t ion ,  shows t h a t  t h i s  r e l a x a t i o n  time i s  probably 

l e s s  than one minute.  It appears t h a t  t h e  va lue  of a cannot be l e s s  

than  1 x lo- '  cm 

a he igh t  of about 105 km. 

3 -i sec  and may be s e v e r a l  t imes g r e a t x i  tkim thLs ,  st 

The absorp t ion  p r o f i l e s  of Lyman-a such a s  the  one i l l u s t r a t e d  i n  

F igure  6 shows good agreement wi th  the  1962 US Standard Atmosphere i f  

7 
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t he  t h e o r e t i c a l  curve i s  a r b i t r a r i l y  r a i s e d  by 1 km. It i s  un l ike ly  

t h a t  t h e  rocke t  a l t i t u d e  was i n  e r r o r  by t h i s  much and probably i n d i c a t e s  

a d i f f e r e n c e  between t h e  r ea l  atmosphere and the  model. The r educ t ion  

i n  i n c i d e n t  f l u x  i n  the  m i d d l e  of the  e c l i p s e  i s  summarized i n  Table 1. 

Since Lyman-Q: i s  r a d i a t e d  only from the  v i s i b l e  d i s c  these  d a t a  ind i -  

c a t e  l imb-brightening a t  t h i s  wavelength. 

The absorp t ion  p r o f i l e  f o r  the  band of X-rays (44  - 60 A) i s  shown 

i n  F igure  7 .  The s o l i d  l i n e  i s  a t h e o r e t i c a l  p r o f i l e  which, as f o r  

Lyman-a, has been a r b i t r a r i l y  r a i sed  by one km. The l a r g e  s t a t i s t i c a l  

e r r o r s  a r e  due t o  t h e  d i f f i c u l t y  of measuring s m a l l  f l uxes  on a r a p i d l y  

moving, r a p i d l y  spinning veh ic l e .  The i n c i d e n t  f l u x  i s  measured much 

more accu ra t e ly  during the  upper p a r t  of t h e  t r a j e c t o r y .  

The X-ray d a t a  i s  summarized i n  Table 2 and i s  compared wi th  the  

ionosonde d a t a .  It w i l l  be noted t h a t  t he  X-ray f l u x  i s  reduced much 

less  than  the  area of the  d i s c .  The i n t e r p r e t a t i o n  of t h i s  d a t a  depends 

on t h e  r e l a t i o n  between c r i t i c a l  frequency and i o n i z a t i o n  r a t e .  I f  t he  

l o s s  process  t o r  tne E l a y e r  I s  tslcer? t o  he recombination, as i s  u s u a l l y  

t h e  case  i n  t h e o r e t i c a l  t rea tments ,  then (foE) 

t o  i n t e n s i t y .  It would then  be concluded t h a t  about h a l f  of t h e  i o n i z i n g  

r a d i a t i o n  i s  p ropor t iona l  t o  the a rea  of t h e  d i s c  and h a l f  i s  p ropor t iona l  

t o  the  i n t e n s i t y  of t h i s  band of X-rays. 

4 would be p ropor t iona l  

4 However, t h i s  law ( i . e . ,  (foE) =I) 

11 
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TABLE 1: Summary of Ion  Chamber Data 

For t  Church i l l ,  Manitoba, 20 J u l y  1963 

- 2  -1 Inc iden t  f l u x  a t  l a s t  contac t :  3 .0  e rg  cm sec  . 
(Lyman-a f l u x  est imated t o  be 80% of i n c i d e n t  f l u x ) .  

Nike- Apache 14.91 14.92 

Time ( a t  90 km) 2104:12 UT 2114: l l  UT 

Ion  Chamber (60°) 10.6% 13.7% 

I o n  Chamber (90') 9.2% 18.6% 

Area of Solar  Disc 8.4% 15.4% 

12 
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TABLE 2: Comparison of X-ray and Ionosonde Data 

Fort Churchill, Manitoba, 20 July 1963 

X-ray (44 - 60 A) 

Nike- Apache 

Time (at 170 km) 

Intensity 

Area of Solar Disc 

14.91 

2105:27 UT 

22 + 2% 
9.5% 

- 

Ionosonde (E Layer) 

Time 2109:OO UT 

Area of Solar Disc (at 105 km) 9.5% 

1.90 mc/s 
OE 

n 

(f E/3.0)’ 

(foE/3.0)4 

0 
25 - + 2% 
16 + 2% - 

14 

14.92 

2115:25 UT 

41 - + 4% 
17.0% 

2115:OO UT 

17.0% 

2.15 mc/s 

37 5 3% 

26 t 3% 



I -  
F 

i s  no t  supported by observa t ions  and, i n  f a c t ,  t he  v a r i a t i o n  of f E 

wi th  z e n i t h  angle  shows t h a t  ( f  E ) 3 m I .  Comparing t h e  X-ray d a t a  wi th  

3 t h e  ionosonde d a t a  us ing  the  ( f  E) l a y w h i c h  r e p r e s e n t s  the  r ea l  be- 

haviour  of t he  E layer, shows t h a t  t he  ion iz ing  r a d i a t i o n  causing the  

E l a y e r  i s  reduced during the  e c l i p s e  i n  propor t ion  t o  the  measured 

band of X-rays. It i s  t h e r e f o r e  concluded t h a t  t he  major p a r t  of the  

i o n i z i n g  r a d i a t i o n  causing the  E (and f o r  t h a t  ma t t e r  t h e  F ) l a y e r  

o r i g i n a t e s  ou t s ide  the  v i s i b l e  disc of t he  sun i n  agreement wi th  the  

ear l ie r  work of Friedman and h i s  group. 

0 

0 

0 

1 

A measurement a t  t o t a l i t y  does no t  h e l p  t o  dec ide  between the  

two a l t e r n a t i v e  i n t e r p r e t a t i o n s  s i n c e  e i t h e r  of t h e  two conclusions i s  

c o n s i s t e n t  wi th  a r e s i d u a l  X-ray f l u x  of about 20 pe rcen t  of t he  un- 

ec 1 i p  sed r a d i  a t  ion .  

The f i n a l  measurement r e l a t i n g  t o  the  E r eg ion  i s  e l e c t r o n  t e m -  

p e r a t u r e ,  shown i n  Figure 8. The experimental  e r r o r  i s  r a t h e r  l a r g e  

(+ - lOOoK) b u t  above 160 km t h e  temperature a t  t he  end of t h e  e c l i p s e  

i s  probably s i g n i f i c a n t l y  g r e a t e r  than durl i ig  thc earl ier  p a r t  of t h e  

recovery phase. 

The e l e c t r o n  dens i ty  p r o f i l e s  shown i n  F igure  9 have been prepared 

assuming t h a t  the  probe cu r ren t  i s  p ropor t iona l  t o  e l e c t r o n  dens i ty  and 

15 
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a s c a l i n g  f a c t o r  e s t a b l i s h e d  w i t h  r e f e rence  t o  the  ionosonde E l aye r  

c r i t i c a l  frequency. It must be remembered t h a t  t h e  use  of t he  probe 

i n  t h i s  way below 85 km i s  purely empirica1,and t h e  curves should be 

taken t o  show change i n  s t r u c t u r e  r a t h e r  than abso lu te  va lues  of e lec-  

t r o n  dens i ty .  

The s t r u c t u r a l  f e a t u r e s  of the  normal D r eg ion  can be i d e n t i f i e d  

i n  curve 4 .  The lower so-ca l led  C l aye r  i s  observed from about 53 km 

up t o  70 km. Above t h i s  up t o  about 8 2  km i s  the  Lyman-a l aye r .  From 

8 2  t o  89 km an unexplained region i s  found, cha rac t e r i s ed  by s m a l l  

s c a l e  i r r e g u l a r i t i e s .  

conc lus ions  may be drawn from these  p r o f i l e s .  

time i n  the  r eg ion  from 79 t o  89 km i s  about 3 minutes whereas a t  

lower h e i g h t s ,  a s  a t  g r e a t e r  he igh t s ,  a much s h o r t e r  r e l a x a t i o n  time 

i s  ind ica t ed .  The second conclusion i s  t h a t  below 72 km t h e  e f f e c t  of 

t h e  e c l i p s e  on e l e c t r o n  dens i ty  i s  much more pronounced than  a t  g r e a t e r  

h e i g h t s  f o r  t he  observa t ions  taken wi th  8% and 15% of the  d i s c  v i s i b l e  

(curves  1 and 2) b u t  n o t  f o r  the observa t ion  taken wi th  60 percent  of 

t h e  d i s c  v i s i b l e  (curve 3 ) .  T h i s  appears t o  be c o n s i s t e n t  of t he  ob- 

s e r v a t i o n s  based on the  propagat ion of very low frequency r a d i o  waves. 

It has been found t h a t  t he  e f f e c t s  on propagat ion  a t  these  f requencies  

a r e  confined t o  the  m i d d l e  of the e c l i p s e  i . e .  s t a r t i n g  when about 

Above 89 km t he  E l a y e r  may be i d e n t i f i e d .  Two 

F i r s t  t he  r e l a x a t i o n  

18 



50 pe rcen t  of the  d i s c  i s  obscured and ending when about 50 pe rcen t  of 

t h e  d i s c  i s  uncovered. 

The i n t e r p r e t a t i o n  of t hese  observa t ions  i n  t h e  lower p a r t  of the  

D r eg ion  p resen t s  cons iderable  d i f f i c u l t y .  It  i s  expected t h a t  t he  

inc rease  of e l e c t r o n  dens i ty  ind ica ted  between curves 1, 2 and 3 w i l l  

be explained i n  terms of photodetachment,but simple t h e o r e t i c a l  con- 

s i d e r a t i o n s  have no t  been adequate t o  account f o r  such a l a r g e  and 

r a p i d  change. 

W e  would l i k e  t o  express  our apprec i a t ion  f o r  t h e  c o n t r i b u t i o n s  

t o  t h i s  p r o j e c t  made by C. M. Hendricks, Goddard Space F l i g h t  Center ,  

and by J. 0, H i l l i s ,  Church i l l  Rocket Range. The ionosonde da t a  was 

sca led  by B .  Dundas and L. Medl ico t t ,  Canadian Department of Transport .  
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